The article presents the analysis of the combustion engine damage assessment in the public transport vehicles. The analyses concerned checking the interrelation between the initial and annual kilometrage of vehicles and the number of the registered orders at the maintenance and conservation system. The examinations were performed on the four brands of buses that were exploited by Municipal Transport Company Lublin. The information about repairs relates to year 2015.
INTRODUCTION
While assessing the cost-efficiency of a bus, numerous factors must be taken into consideration. They are: the use intensity, the value of the established transportation tariff, personal expenses, consumables etc [12] . The use intensity may be, in theory, increased in two ways: by increasing the speed on the itinerary or by decreasing the duration of stoppages. In practice, the average speed of buses depends mostly on: the condition of the road infrastructure and the road traffic regulations. During the usage of a vehicle, regulations and legal norms that regulate its allowance to participate in the road traffic may be subject to variations [2, 3] . Thus, buses that perform transport operations on repetitive itineraries drive with a fixed average speed. Taking this fact into consideration, the use intensity mostly reflects the degree of exploitation of a vehicle, which mostly depends on the established usage strategy [7] . The two most important factors of the exploitation process are: the vehicle kilometrage in a given period of time (a day, a month or a year) and maintenance and service costs. The service costs are the sum of the material costs due to exploitation factors and the service station's workers labour costs.
In literature there exists many research works devoted to issues concerning the maintenance of the reliability of means of transport. Michalski and Wierzbicki [14] concducted the analysis of degradation of different systems in vehicles being already in service. Skrúcaný and others [16, 17] investigated dangers to traffic related to heavy goods vehicle traffic under different loads and in varying conditions of operating. Marczuk et all [10] presented the problem of degradation of means of transport and use of components from end-of-life vehicles. Execution of the transport service depends on the bus's whole drive system's efficiency, in particular on the combustion engine. A change in the technical condition of mechanical components of internal combustion engines may not be detected by on-board diagnostic systems installed in vehicles [6] . In similar cases, measurements and analyses of vibroacoustic signals being recorded prove useful. For these reasons, there are numerous research works that use vibroacoustic methods in the combustion engines' diagnosis [5, 6, 8, 9, 18] .
That is why statistical analiyses concerning the engine set damage are relevant and often performed [9, 15] . On the basis of the available information, the authors performed data analysis related to the service of the combustion engine set in the buses utilised by Municipal Transport Company Lublin (MTC Lublin) during one calendar year.
STATISTICAL ANALYSIS OF THE RESULTS
Reliability of the means of public transport is a vital criterion for their operational usability [13] . Reliability is defined as the ability to perform the operational tasks without stoppages due to damage in the established period of time and conditions [4] . The statistical analysis of the engine set damage that occurred in 2015 was performed for 4 brands of vehicles utilized by MTC Lublin. The vehicles subject to analysis were: Mercedes-Benz 628 O 530 G Citaro, Solaris Urbino 12, Autosan M12LF and Jelcz M121. The available data allowed to indicate both initial and annual kilometrage of vehicles and the number of registered orders at the maintenance and service system. Statistical analysis was performed with the use of STATISTICA PL software [1] . Technical data of the analyzed vehicles is presented in Table 1 below.
The analysis comprised the following units of a combustion engine: 1) cooling system 2) power supply system 3) inlet-outlet system [11] .
At the first stage of the analysis, the descriptive statistics characterizing the analyzed variables were counted. The results are presented in Tables 2, 3 While analyzing results from Tables 2-4 , it should be noted that there is a difference in the average value of the initial kilometrage. The highest values are in case of Jelcz M121, while the lowest in case of Autosan M12LF. While analyzing the annual kilometrage for particular buses, the average values are similar. It is worth pointing out, that for Jelcz M121 the value of standard deviation is the highest. In case of the parameter of the number of the registered orders at the maintenance and service system of the examined units, Solaris Urbino 12 showed the highest failure rate, which was expressed by the average value.
The next step of the statistical analysis was to check adjustment of the empirical research results to normal distribution by means of ShapiroWilk test and Kolmogorov-Smirnov test. Statistical analysis (with significance level α = 0.05) of the compatibility test of the empirical distribution with normal distribution showed that the initial kilometrage distribution for the examined buses Jelcz M121 and Solaris Urbino 12 may be adjusted with normal distribution. When it comes to Autosan M12LF buses, though, their kilometrage distribution cannot be adjusted with normal distribution. Calculations showed that the Weibull distribution adjusts best to empirical data. In case of the Mercedes-Benz 628 O 530 G Citaro bus, the initial kilometrage distribution cannot by adjusted by means of normal distribution. The obtained results were presented in Table 5 .
The analysis of the empirical distribution compatibility with normal distribution showed that the kilometer distribution of the annual kilometrage for the examined Solaris Urbino 12 buses may be adjusted with normal distribution. ShapiroWilk statistic is W = 0.9596 and p = 0.5362, which was presented in Table 6 . For the other examined buses, the analysis of the empirical distribution compatibility with normal distribution showed that the kilometer distribution of the annual kilometrage cannot approximate with normal distribution. Calculations proved that distributions best adjusted to empirical data are the following: for Autosan M12LF -lognormal distribution, for Jelcz M121 Weibull distribution, for Mercedes-Benz 628 O 530 G Citaro -extreme value distribution.
The analysis of the empirical distribution compatibility with normal distribution showed that the kilometer distribution of the annual kilometrage for the number of orders at the maintenance and service system of Autosan M12LF, Jelcz M121 and Solaris Urbino 12 buses may be adjusted with normal distribution. ysis of the empirical distribution compatibility with normal distribution showed that the kilometer distribution of the annual kilometrage for the number of orders at the maintenance and service system cannot be adjusted with normal distribution. Calculations showed that the extreme value distribution adjusts best to empirical data, which was presented in Table 7 .
In order to check whether there are any relations between initial and annual kilometrage of the examined buses and the annual number of orders at the maintenance and service system, the correlation analysis was conducted. Its results were presented in Table 8 and Figure 1 . In case the assumptions about the normality of the analyzed distributions were fulfilled, the Pearson correlation coefficient r were calculated. Otherwise, non-parametric correlation analysis with use of the Spearman's correlation coefficient R was used.
Because of the fact, that for variables the initial kilometrage and the annual number of orders at the maintenance and service system of the examined units for Jelcz M121, the assumption about the normality of distribution is fulfilled, the Pearson correlation coefficient was r=0.081 and p=0.707. The results showed that there are not any relations between the initial kilometrage and the annual number of orders at the maintenance and service system of the examined units in 2015. Figure 1 presents the chart of dispersion between the analyzed variables. For Solaris Urbino 12, the results indicated an average relation (statistically insignificant), whereas for Merceedes-Benz 628 O 530 G Citaro, an average correlation was indicated (statistically insignificant). For Autosan M12LF buses, the Spearman correlation coefficient R=0.3171 and p=0.0206 indicate an average correlation (statistically significant) between the initial kilometrage and the annual number of orders.
For the relation of the annual kilometrage of the buses to the annual number of orders at the maintenance and service system of the examined units, the obtained values of non-parametric correlation coefficients indicate unequivocally that there is no relation of the examined units for Autosan M12LF buses (Table 9 ). In case of relations between these variables for Mercedes- Figure 2 .
Non-parametric correlation coefficients' values give a clear indication of a weak correlation (statistically insignificant) between the annual and initial kilometrage of Autosan M12LF and Solaris Urbino 12 buses. When it comes to the correlation coefficients' values for the two other buses, they give indication of an average correlation. For Jelcz M121 it is statistically significant. The results of the analysis were presented in Table 10 .
The chart of dispersion between the initial and the annual kilometrage of the vehicles' units was presented in the Figure 3 . The regression line and the confidence interval for the forecasted average observation were also indicated on the charts. The analysis of variance was conducted in order to check whether the variations in average values of the initial and annual kilometrage and of the annual number of orders at the maintenance and service system of the examined units, depending on the bus type, are statistically significant.
Based on results relating to a type of distribution, it may be stated that the assumption about the normality of the distributions of the analyzed variations for particular types of buses is not fulfilled. Because of that, non-parametric analysis of variance with use of Kruskal-Wallis test K-W was used. Results of the aforementioned analysis for the manipulative factors, which are types of the examined buses, were presented in Table 11 .
Calculations presented in Table 11 show, on an applied level of significance α = 0.05, that observed differences in average values of the initial and annual kilometrage and the annual number of orders at the maintenance and service system are statistically significant for the examined buses. The results of multiple comparisons (post -hoc) of K-W test for the analyzed variables were presented in Table 12 . The results presented in Table 12 point out unequivocally that the observed differences for the initial kilometrage of the buses are between Autosan and Jelcz, Autosan and Solaris, Jelcz and Mercedes and Solaris and Mercedes. Figure  4 represents a categorized box plot for the initial kilometrage for the examined types of buses. The post-hoc tests results presented in Table 13 point Fig. 4 . Categorized box plot for an independent factor -a type of bus, and a dependent variable -the initial kilometrage Table 14 . The results of multiple comparisons for the annual number of orders at the maintenance and service system of the examined units for the examined buses Categorized box plot for an independent factor -a type of bus, and a dependent variable -the annual number of orders at the maintenance and service system of the examined units out unequivocally that the observed differences for the annual kilometrage of buses exist between Autosan and Jelcz, Autosan and Mercedes, Autosan and Solaris. Figure 5 depicts a categorized box plot for the annual kilometrage for the examined buses. The results of multiple comparisons for the annual number of orders at the maintenance and service system of the examined units for the examined buses indicate clearly that the observed differences of the annual number of orders at the maintenance and service system of the examined units exist between Autosan and Mercedes, Autosan and Solaris, Jelcz and Mercedes, Mercedes and Solaris. Figure 6 depicts a categorized box plot for the annual number of orders at the maintenance and service system of the examined units for the examined buses.
